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INTROOUCTION 

In both the  EDS and t h e  SRC-I1 d i r e c t  coal l i q u e f a c t i o n  processes,  d i s t i l l a t e  
y i e l d s  have been increased  s i g n i f i c a n t l y  by inc luding  vacuum column bottoms product  
i n  t h e  recyc le  so lven t .  
upgraded in the EDS process ,  no s p e c i f i c  e f f o r t  i s  made t o  upgrade t h e  non- 
d i s t i l l a b l e  por t ion  o f  t h e  r ecyc le  so lvent  i n  either the  EDS nor the SRC I 1  
processes .  A study was t h e r e f o r e  i n i t i a t e d  a t  t h e  Univers i ty  of Wyoming t o  
determine t h e  e f f e c t  o f  upgrading coal l i que fac t ion  recyc le  bottoms. 

EXPERIMENTAL PROCEDURE 
Liquefaction of both subbituminous Wyodak and bituminous Kentucky coa ls  has been 
s tudied  i n  a t w o - l i t e r  Autoclave Magnedrive-I1 batch r eac to r .  Samples o f  Wyodak 
c o a l ,  Wyodak coal der ived  r ecyc le  so lven t ,  and so lven t  r e f ined  coa l ,  SRC, were 
supplied by C a t a l y t i c ,  Inc .  from the Southern Serv ices  Inc. p i l o t  p lan t  a t  Wilson- 
v i l l e ,  Alabama. Samples of Kentucky coa l ,  Kentucky coal derived recyc le  so lvent  
and SRC were suppl ied  by the P i t t sbu rg  &Midway Coal Mining Co. from t h e i r  p i l o t  
p l an t  near Tacoma, Washington. 

Por t ions  o f  the r ecyc le  so lven t s  bo i l i ng  above 533K were used as  received while 
o t h e r  por t ions  were mi ld ly  hydrogenated over a Co-Mo on A1203 c a t a l y s t  (Nalcomo 
477)  f o r  60 minutes a t  644K using an i n i t i a l  cold r e a c t o r  hydrogen pressure  of 
13 .8  MPa. Por t ions  o f  t he  SRC were used a s  rece ived  while o ther  por t ions  were 
upgraded by so lven t  f r a c t i o n a t i o n  and by hydrogenation. The SRCs were so lvent  
f r ac t iona ted  i n t o  cyclohexane s o l u b l e  o i l s ,  cyclohexane inso luble  - benzene so lub le  
asphal tenes ,  benzene s o l u b l e  o i l s  plus asphal tenes  and benzene inso luble-pyr id ine  
so lub le  preasphal tenes .  Por t ions  o f  the SRCs and t h e i r  o i l  plus asphal tene  f r a c -  
t i o n s  were mi ld ly  hydrogenated over c a t a l y s t  a t  64@K f o r  60 minutes using an i n i t i a l  
co ld  r eac to r  hydrogen pressure  o f  13.8 MPa. 
genated over c a t a l y s t  a t  700K f o r  60 minutes using an i n i t i a l  cold r e a c t o r  hydrogen 
pressure  of 20.7 MPa. 

Coal l i que fac t ion  experiments were then conducted by charging the  r e a c t o r  w i t h  
recyc le  so lven t ,  SRC o r  SRC f r a c t i o n  and coal i n  a 1 : l : l  weight r a t i o .  The reac-  
t i o n  was c a r r i e d  out a t  714K f o r  60 minutes using an i n i t i a l  co ld  r eac to r  hydrogen 
pressure  of 13 .8  MPa. Gaseous products were analyzed using an HP 5840 gas chroma- 
tograph. 
Unreacted coal and mineral  mat te r  were determined by soxh le t  e x t r a c t i o n s  u s i n g  
pyr id ine .  All -runs were dup l i ca t ed ,  

DISCUSSION O F  RESULTS 

The ex ten t  o f  coal l i q u e f a c t i o n  in  t h i s  work was measured using percent 700Kt 
conversion, X700, def ined  by the  r e l a t i o n s h i p  

While t h e  d i s t i l l a b l e  por t ion  of the r ecyc le  so lven t  i s  

Other por t ions  were severe ly  hydro- 

Liquid products were d i s t i l l e d  using a modified ASTM-D 1160 appara tus .  

'IN - "OUT 
'700 = 'IN 
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where 

and 

A summary of t h e  conversions obtained us ing  d i f f e r e n t  so lvents  i s  presented i n  
Table I .  
- + 1.0% of the mean values repor ted  i n  t h i s  tab le .  

Examination o f  t he  r e s u l t s  f o r  so lvents  1-6, con ta in ing  Wyodak coa l  der ived  SRC, and 
so lvents  12-16, con ta in ing  Kentucky coal  der ived  SRC, suggest t h a t  maximum conver- 
s ions are  obtained i f  the  SRC i s  m i l d l y  hydrogenated. The da ta  obtained from Wyo- 
dak so lvents  4, 5 and 6, and f o r  Kentucky so lvents  13, 14 and 16 suggest t h a t  SRC 
component e f fec t i veness  may pass through a maximum as hydrogenation s e v e r i t y  i s  
increased. Comparison o f  so l ven t  3 w i t h  so lvent  5 and so l ven t  15 w i t h  so l ven t  16 
suggests t h a t  t he  observed increases i n  conversion r e l a t i v e  t o  so lvents  1 and 12 
a r e  due more t o  m i l d l y  hydrogenated SRC than m i l d l y  hydrogenated d i s t i l l a t e .  

While the  r e l a t i v e l y  h igh  conversion obtained frm so lven t  2 cou ld  be a t t r i b u t e d  t o  
the  c a t a l y t i c  a c t i v i t y  o f  t he  ash i n  t h i s  sample o f  u n f i l t e r e d  SRC, ash found i n  
Wyodak coal  i s  genera l l y  no t  considered t o  be a c a t a l y s t  f o r  t he  coal  l i q u e f a c t i o n  
reac t ion .  
us ing  so lvent  2 i s  t he  lower i n i t i a l  b o i l i n g  p o i n t  o f  the  h igh  ash SRC as compared 
t o  the  f i l t e r e d  SRCs. I n  
o rder  t o  reduce t h i s  v i s c o s i t y ,  some o f  t he  normal ly  d i s t i l l a b l e  l i q u i d s  were n o t  
removed from t h e  h igh  ash SRC du r ing  d i s t i l l a t i o n .  

The r e s u l t s  shown i n  Table I a lso  suggest t h a t  so l ven t  f r a c t i o n a t i o n  may a l s o  
improve the  l i q u e f a c t i o n  e f fec t i veness  o f  SRCs. 
17-19 suggest t h a t  l i t t l e ,  i f  any, improvement i n  Kentucky coa l  so lvent  e f f e c t i v e -  
ness can be obtained by hydrogenating the  benzene so lub le  o i l s  p lus  asphaltenes 
obtained from Kentucky SRC. 

L i q u i d  y i e l d s  and hydrogen consumption depend upon the  ex ten t  o f  coa l  conversion. 
Net  l i q u i d  y i e l d s  o f  C4-533K and 533-7OOK from Wyodak coal  as a percent o f  the  MF 
coal  a re  presented i n  Figures 1 and 2 as a f u n c t i o n  o f  X700. Po in ts  presented on 
these and the  f o l l o w i n g  f i g u r e s  a re  i d e n t i f i e d  by the  number i n  Table I i d e n t i f y i n g  
the  so l ven t  used i n  the  experiment. As would be expected, l i q u i d  y i e l d s  inc rease 
w i t h  inc reas ing  X7 o. S i m i l a r  p l o t s  o f  l i q u i d  y i e l d s  fo r  Kentucky coal a re  p re -  
sented i n  Figures 3 and 4. For comparison purposes, the  s o l i d  l i n e s  i n  Figures 1 
and 2 have been reproduced as dashed l i n e s  i n  F igu res3and  4, respec t i ve l y ,  so t h a t  
d i r e c t  comparisons can be made between Wyodak and Kentucky coa l  y i e l d s .  
seen i n  Figures 3 and 4, Kentucky coal  produced g rea te r  l i q u i d  y i e l d s  than Wyodak 
coa l  a t  low conversions. 
two coals a re  q u i t e  comparable. 

Hydrogen consumptions f o r  bo th  Wyodak and Kentucky coal  experiments are presented 
i n  Figures 5 and 6. 
hydrogen consumed i n  upgrading e i t h e r  the  d i s t i l l a b l e  so l ven t  nor  the  SRC o r  SRC 
f r a c t i o n s .  I t  has been est imated t h a t  hydrogen consumed i n  t h i s  manner would be 
i n  the  order  o f  1.0 t o  2.0 w t %  o f  t he  MAF coa l  charged t o  t h e  reac to r .  

CONCLUSIONS 

Resul ts ob ta ined from t h i s  work i n d i c a t e  the  importance of  so l ven t  composi t ion on 
t h e  coal l i q u e f a c t i o n  reac t i on .  Through the  a d d i t i o n  of m i l d l y  hydrygenated SRC t o  
a recyc le  so lvent ,  f o r  example, ne t  C4-700K l i q u i d  y i e l d s  approaching 60 w t %  o f  t he  
MF coal  charged t o  a batch reac to r  were obtained from both Wyodak and Kentucky 
coa ls  used i n  t h i s  study. 

WIN = grams o f  MAF coa l  p lus  grams o f  SRC o r  SRC f r a c t i o n  p lus  grams o f  

WOUT= grams o f  MAF 700K+ product recovered from t h e  reac to r .  

The average r e p r o d u c i b i l i t y  o f  conversions f o r  dup l i ca ted  runs was w i t h i n  

700K+ d i s t i l l a t e  charged t o  the  reac to r .  

A more reasonable exp lanat ion  f o r  t he  h igh  conversion observed when 

I n  the  p i l o t  p l a n t ,  ash increases the  v i s c o s i t y  o f  SRC. 

Resul ts obtained using so lvents  

As can be 

However, a t  h igh conversions, t h e  l i q u i d  y i e l d s  from the  

The consumptions shown i n  these f igures  do no t  i nc lude  t h e  
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A c e r t a i n  amount o f  bottoms r e c y c l e  upgrading may occur i n d i r e c t l y  i n  processes 
such as the EDS process w i t h  bottoms recyc le  o r  t he  S R C - I 1  process. However, i t  
may be poss ib le  t o  o b t a i n  even f u r t h e r  increases i n  d i s t i l l a t e  y i e l d s  by d i r e c t  
upgrading o f  a bottoms recyc le ,  e i t h e r  by hydrogenation o r  by so l ven t  f rac t i ona t ion .  
It should be po in ted  o u t  t h a t  these hypotheses a re  based on batch reac to r  runs, 
s i m u l a t i  ng cont inuous coa l  1 i que fac t i on  opera t ion .  De le te r ious  compounds could 
b u i l d  up i n  r e c y c l e  streams i n  cont inuous p lan ts  t h a t  were no t  observed i n  t h i s  
s tudy .  
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Further work i n  t h i s  area appears t o  be warranted. 

TABLE I 
X700 CONVERSION RELATED TO THE DEGREE OF SOLVENT HYDROGENATION 

SOLVENT 

x,oO ( % I  DISTILLABLE NONDISTILLABLE 
SOLVENT NO. PORTION PORTION 

WYODAK 1 
2 

3 
4 
5 

6 

7 
8 
9 

10 

11 

UH(l)  
UH 

UH 
MH 
MH 

MH 

UH 
MH 
MH 

UH 

UH 

KENTUCKY 12 UH 
13 MH 
14 MH 
15 UH 
16 MH 

17 UH 
18 MH 
19 MH 

NOTES : UH = Unhydrogenated 
MH = M i l d l y  Hydrogenated 
SH = Severely Hydrogenated 
O+A= O i l s  p lus  Asphaltenes 
A = Asphaltenes 
0 = O i l s  

SRC, UH 23.8 
(SRC+Ash), UH 36.5 

SRC, M H ( ~ )  42.5 
SRC, MH 35.8 
SRC, UH 32.0 

SRC, SH(3) 27.2 

( o + A ) ( ~ ) ,  UH 28.4 

(O+A), SH 29.0 

A(5) ,  UH 34.6 

(O+A) , WH 37.4 

0(6),  UH 35.9 

SRC, UH 28.5 
SRC, MH 39.9 
SRC, SH 36.4 
SRC, MH 38.8 
SRC, UH 30.5 

(O+A) , UH 35.5 
(O+A) , MH 37.0 
(O+A), SH 37.0 
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Figure  5 .  Hydrogen Consumption f o r  Wyodak Coal a s  a Funct ion  of X700 
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Figure  6 .  Hydrogen Consumption f o r  Kentucky Coal a s  a Funct ion  o f  x700 
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